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Abstract 
BarleyBase is aweb-accessible public data resource of Affymetrix GeneChip~ 
data for Barley and Arabidopsis that is supported by the USDA NRI program. The 
exponential increase in microarray gene expression data demands well-annotated public 
repositories to store and manage this valuable information. However, microarray gene 
expression profiles are highly context dependent and are sensitive to sample and 
processing conditions. How to accurately and efficiently represent this information are 
two major challenges in establishing microarray databases. These concerns are addressed 
by the integraring the MIAME (Minimum Information About a Microarray Experiment) 
standards and the structured Plant Ontology into the design and implementation of 
BarleyBase. BarleyExpress, a web-based data submission tool to BarleyBase, allows 
users to input the MIAME information directly into the database and to explicitly use the 
Plant Ontology controlled vocabularies to annotate microarray gene expression profiles. 
The application of the MIAME standard and the Plant Ontology puts the experimental 
data in BarleyBase in a highly biological and analytical context and enables the valuable 
insights into the biological processes. BarleyBase also serves as a prototype for the 
management of microarray gene expression data for other cereal plants. BarleyBase is 
accessible at http://barleybase.org
1 
Chapter 1 Introduction 
Microarray techniques allow scientists to examine all expressed genes in a cell 
simultaneously and to understand the genes and the processes that they are involved. 
Microarrays generate huge amount of data which present biologists and bioinformaticists 
with the challenge of how best to organize and share this valuable information. 
Thorough analysis of gene expression data requires well-annotated public 
repositories to systematically manage and store these data. In addition to the drive to 
share data, there are also requirements from journals for the public availability of raw 
data, in order to assess the verifiability of conclusions derived from the dataset (1-3). 
BarleyBase (BB) is a public repository for Affyrnetrix GeneChip~ data for that serves as 
a prototype for cereal plants. 
The most challenging problems in establishing microarray databases are how to 
process and store data appropriately for the evaluation of experiment results. Unlike gene 
sequence data, gene expression data is highly context-dependent. Correct interpretation or 
comparison of data highly depends on the accuracy of the documentation for the 
experimental conditions, RNA samples, array instrumentation and software processing 
techniques (4). It is imperative that the annotations are standardized (how to describe 
microarray data using common standards), and machine-readable (how to represent data 
efficiently). How to annotate experimental conditions and present gene expression data 
accurately and efficiently are the two major concerns of this project. The MIAME 
(Minimum Information About a Microarray Experiment) standards and the Plant 
Ontology controlled vocabularies would address these concerns. 
The MIAME standards, as an international initiative supported by European 
Bioinformatics Institute (EBI), aim to outline the minimum information required to 
interpret unambiguously and potentially reproduce and verify microarray experiment 
results. The MIAME standards provides a framework for capturing essential details about 
the array design, samples used, protocols followed, and details of hybridization and 
analysis of data. Using this standard, the international scientific community can archive, 
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retrieve and mine published data sets derived from a wide variety of microarray 
experiments. 
The well-structured Plant Ontology (PO) aims to define a standardized 
terminology for the exchange of genomic data. The goal of the Plant Ontology is to 
produce structured controlled vocabularies to describe plant features, such as phenotypes, 
traits, developmental stages and anatomical parts. The development and application of a 
structured ontology enables to accurate queries across different databases. 
In this project, BarleyBase is a ML~ME-compliant database structure. 
BarleyExpress allows users to apply the ML~ME standards and the Plant Ontology 
controlled vocabularies to annotate their experiments when submitting data to BB 
repository. The application of the ML~ME standards and the Plant Ontology enhances the 
ability of BB to present and manage microarray gene expression data accurately and 
efficiently. 
The rest of the thesis is organized as following: 
Chapter 2 reviews the related work in establishing gene expression databases and 
issues related to the MLAME standards and the controlled vocabularies/ontologies. 
Chapter 3 gives an overview of data model and system structure of BB. 
Chapter 4 describes the structure of BarleyExpress. The main features of 
BarleyExpress are also discussed. 
Chapter 5 discusses several key issues in the application of the Plant Ontology 
controlled vocabularies to the design and implementation of BarleyExpress. 
Chapter 6 gives a document about how to use BarleyExpress. 
Chapter 7 lists several main conclusions and the future work. 
3 
Chapter 2 Background 
This chapter gives a basic background on the development of microarray 
databases, the ML~ME standards and controlled vocabularies/ontologies related to 
biological processes. Section 2.1 summarizes several public microarray repositories and 
existing problems. As we declared in the previous chapter, our work focuses on the two 
challenges of how to annotate microarray gene expression experiments accurately and 
efficiently and the idea of utilizing the ML~ME standards and the structured Plant 
Ontology to address the problems. The history of the development and the application of 
the ML~ME standards and the Plant Ontology are reviewed in section 2.2.1 and 2.2.2 
respectively. 
Currently two main types of DNA microarray are being broadly used: cDNA 
microarray and oligonucleotide arrays (5-7). Affymetrix GeneChip® belongs to the later 
category. The GeneChip® brand Barleyl Genome Array, the first commercially available 
barley microarray, was launched on July 2, 2003. This array was designed and funded by 
the USDA-IFAFS Triticeae Improvement group (R. Wise, T. Close, G. Muehlbauer, R. 
Wing, and A. I~leinhofs) in the collaboration with Affymetrix Company and the 
international barley community (8). This is the outcome of a "collective decision" made 
in January 2002 to standardize expression profiling data using GeneChip® (9). 
2.1 Microarray Databases 
An Affymetrix GeneChip® generates five Affymetrix data f les: 
• * . exp: experimental .information file, which contains information about 
experiment name, sample and probe array. File size is around 22kb for a 
Barley GeneChip®. 
• *.dat: data file, which stores the image of the scanned probe array. File size is 
around 40Mb for a Barley GeneChip®. 
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• *.cel: cell intensity file, which is derived from a *.dat file and contains a 
single intensity value for each probe cell on a chip. The file size is around 
l OMb for a Barley GeneChip~. 
• *chp: analysis output file (chip file), which is the output generated by the 
analysis of a *.dat or *.cel file. Its size is the same as a *.cel file. 
• *.rpt: output file (report file), which is generated from the analysis output file 
*.chp). Its size is several hundred kilobytes. 
Among these five data files, the *.cel, *.chp and *.dat files are necessary for 
analyzing experimental results. Their file size exceeds 60Mb in total for only one Barleyl 
GeneChip~~. A typical microarray experiment includes tens or even several hundreds of 
such chips. These file sizes and the huge amount of data from publicly-funded 
experiments have dictated the needs of using public repositories to manage the data 
generated from microarray gene expression experiments. Several advanced, 
noncommercial gene expression databases exist, some focus on either a particular 
technology or a particular organism or both (10, 11); some have made efforts to design 
workflow schemes which are generic for gene expression experiments (12, 13, and 14). 
Four of the most promising ones are ArrayExpress, the Stanford MicroArray Database, 
Gene Expression Omnibus and the mouse Gene Expression Database. 
ArrayExpress is a public database for microarray gene expression data at the 
European Bioinformatics Institution (EBI) and was released in February 2002 (12). The 
initial adoption of the ML~IVIE standards and the IMAGE-ML (Microarray And Gene 
Expression Markup Language) data exchange format (15-16) in ArrayExpress, presents a 
promising possibility to manage large scale data with standardized annotations. But 
ArrayExpress still has several limitations: (i) ArrayExpress is designed as a generic gene 
expression database that holds data from all microarray platforms. It accepts three types 
of submissions: arrays designs, experiments and protocols. Array design and protocol 
submissions are the prerequisites for experiment submissions. In the case of the 
Affymetrix GeneChipc~, array designs are manufacturing quality standards and should 
not mix up with custom-made cDNA arrays, in which array design varies across different 
labs at different time. This requirement complicates the data submission process. (ii) 
ArrayExpress is one of the initial efforts of adopting the ML~IVIE standards to annotate 
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experiments. However, the descriptions are not referred to any structured ontologies, 
which causes a proliferation of names for identical terms. Though ArrayExpress intends 
to provide species or research area specific interfaces and simplify submission for these 
data, the work might be still in progress (12). 
The Stanford MicroArray Database (SMD) is one of the first academic databases 
to be used on an institutional scale (13). It stores raw and normalized data from 
microarray experiments and provides web interfaces to retrieve, analyze and visualize 
data. SNID contains the largest amount of data of any academic databases, due to its close 
association with one of the first groups to develop large scale arrays. However, it has two 
drawbacks: (i) it supports only two-color spotted cDNA microarrays but not Affymetrix 
GeneChip~. (ii) SMD does not support the MIAME standards nor has it adopted to the 
controlled vocabularies/ontologies. SNID uses Oracle as its database management system 
and is implemented as a relational database. 
The Gene Expression Omnibus (GEO) is a gene expression database sitting at the 
National Library of Medicine (14). It supports three basic data elements: platform (a list 
of probes that define what set of molecules maybe detected), sample (describes the set of 
molecules that are being probed and references a single platform used to generate its 
moleculaz abundance data) and series (the relationships among the samples, e.g., a series 
organizes samples into the meaningful data sets which make up an experiment, and are 
bound together by a common attribute). Data are entered and stored as tab-delimited 
ASCII (American National Standard Code for Information Interchange) format for each 
platform and each sample in Omnibus, such that it has no ability to query the 
relationships in between the data/dataset via SQL (Structured Query Language). The 
MIAME standards and requirements for microarray experiments are not applied either. 
The mouse Gene Expression Database (GXD) is being developed by Jackson 
Laboratory for gene expression information about the laboratory mouse (10). GXD 
provides information about both mRNA and protein expression profiles in different 
mouse strains and mutants. One of its initiatives is that the expression information is 
standardized by employing the mouse anatomical dictionary to describe mouse 
developmental expression patterns. The mouse anatomical dictionary is a set of 
anatomical terms for each developmental stage. These terms aze organized in a directed 
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acyclic graph, which structures the anatomy both spatially and functionally. GXD is 
implemented in the Sybase relational database management system. 
2.2 Microarray Experiment Annotation 
Unlike gene sequence data, gene expression is the dynamic response of the 
genome to environmental conditions. As such, gene expression data requires more 
descriptive information (meta-data) to characterize it accurately, such as the details of 
sample and sample treatment approach, cell type and developmental stage as well as 
perturbation imposed by the research and also other factors that may have influenced the 
results (e.g., who did the experiment, when it was done and how it was conducted). In 
addition, information on the steps to generate, process and analyze the data are also 
needed. Within this context, using standards to describe and present gene expression data 
are crucial for managing and sharing information (15-17). 
The significance of sample documentation for microarray experiments is well 
recognized and several standardization approaches have been developed during recent 
years. The most promising one is the ML~ME standards, which attempts to specify the 
types of descriptive information that should be reported for an experiment and its results 
for the purpose of data storage and information sharing. 
2.2.1 The MIAME standards 
The ML~ME standards define a microarray experiment a~ a set of one or more 
hybridizations, which relates to one sample and one array (17). The hybridized array is 
then scanned and the resulting image is analyzed. The generated data are normalized and 
combined with data from replicate hybridizations. 
According to Brazma et al (17), the minimum information about a published 
microarray gene expression experiment should include six parts, as shown in Figure 1. 
Experiment design describes a set of hybridization experiments as whole. The 
minimal information required in this section includes the type of the experiment and the 
experimental factors that are the conditions tested (e.g. time, dose, genetic variation, 
response to a compound), the organisms used and a description of how an experiment had 
been conducted as well as array platforms. 
Array design provides systematic definitions of each array used in an experiment 
and each element (spot) on the array. The minimum information requires the array design 
related information, the properties of each type of elements on the array (e.g. synthesized 
oligos, PCR products etc.), and the information about each element (spot) on the array 
(17). 
The MIAME sample concept represents the biological material (or biomaterial) 
for which the gene expression profile is being established (17), including the sample 
used, the extract preparation and labeling. The minimum information for sample is the 
sample source and treatment, the hybridization extract preparation and the labeling 
procedures. 
r Sample res~ur~e 
an+~ tre trr~ent 
• mE~t~~A e.xtra~ctic~n 
~- La~+~llin 
r ~?C~~~rlrTl~:'['it~) t~p~ 











r array c~e5i~r~ r~el~t~c~ 
infc~rr~~t~t~r 
r Elert~ants` ~rc~~ertie5 
~rrary~ layout 
H~rhridi~atian 
• '~1asf~in~ ~ro~ced~~re 
duality cif labeled target 
used 
-3;~bridi~atior~ instrument 
• Sc,luti~n. time, 





Six Parts of tho MIAFUIE Standards 




~- ir~na+e ~rocessin • 
Hybridizations define the laboratory conditions under which the hybridizations 
had been carried out. Other than afree-text description of the hybridization protocol, the 
ML!~ME standards requires that a number of critical hybridization parameters be 
explicitly specified: the solution (e.g. concentration of solution), wash procedure, 
quantity of labeled target used, time, volume, temperature and descriptions of the 
hybridization instruments (17). 
The actual experiment results are defined in Measurement. The minimum 
information required in this section is the scanning information (e.g. scan parameter and 
scaarining protocol), the image analysis information (e.g. image analysis software and 
parameters), and the summarized information from possible replicates (17). 
Normalization defines the minimum information for the normalization and the 
control elements, e.g. the normalization strategy (housekeeping genes, total array etc.), 
the normalization algorithm and the control array elements (17). 
Each of these sections contains information that can be represented using the 
controlled vocabularieslontologies, as well as free-text format. In addition to data storage 
and management, the MIA►ME compliance is also required for publication by several high 
profile journals, such as Nature, Cell and The Lancet (18). Other journals, like 
Bioinformatics, are expected to follow suit and demand MLA~ME-compliant data (19). 
2.2.2 The Controlled Vocabularies and Ontologies 
The ML~NIE standards aim to outline the minimum information required to 
interpret unambiguously, potentially reproduce and verify a microarray experiment result. 
However, the ML!~ME standards are not a formal specification, but a set of guidelines. It 
concentrates on information contents instead of information format. The later is 
addressed by using the controlled vocabularies and well-structured ontologies. 
Microarray experiments are very complex systems where detailed descriptive 
information is crucial. For a microarray dataset to have the most value, they have to meet 
two requirements: (i) Suf, ficiency: the recorded information about each experiment should 
be sufficient to interpret, verify and reproduce the results and to compare with other 
experiment results, which drives the implementation of the ML~ME standards. (ii) 
Efficiency: The information should be efficient structured in a way that enables useful 
querying as well as automated data analysis and mining. For example, Barley and H. 
vulgaris have the same meaning to a human being, but they may look different to a 
computer. Even if all researchers who generate microarray data agree to provide 
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information on the species of the organisms used, it will not be possible for a computer to 
recognize this information unless the terms that are used are also standardized (15). The 
controlled vocabularies of terms and ontologies are standard set of words and can be used 
to solve the problem. In this section, we concentrate on the history background of 
ontologies and its application to microarray experiments. 
2.2.2.1 Definition of Ontology 
One of the most frequently used definitions of ontology is an explicit specification 
of conceptualization (20). By reformulating Gruber's definition in a more general sense, 
we say that an ontology is the vocabularies of terms which meaning are specified. Each 
concept (e.g. gene, protein, reaction, process, biological parts or plant growth stage) has a 
defnnitian that describes and determines the concept. Each concept has a term, which is 
used when the concept is referred to in daily speech or in text (e.g. name of gene, protein, 
reaction, process, biological parts and plant growth stage). 
Sometimes ontologies axe described as controlled vocabularies (a standard set of 
word). But the big difference between a controlled vocabulary and an ontology is that, an 
ontology also specifies how a term relates to each other. Two types of relationships exist 
within an ontology. The first relationship is called is a or is an instance off: The second 
relationship is part o, f. We say the former term is more specific than the latter or the later 
term is more general than the former. Let's consider two examples from Cereal Plant 
Anatomy Ontology: term "embryo (GRO: 0005343)" is an instance of term "whole plant 
(GRO: 0005000)" while term "root (GRO: 0005338)" is part of term "whole plant (GRO: 
000500)" (Figure 2). Term "embryo" and term "root" are said to be more specific than 
term "whole plant" or term "whole plant" is said to be more general than term "embryo" 
and term "root". 
The relationships between terms within an ontology are represented by the use of 
Directed Acyclic Graphs (DAGs). The relationships between terms also describe the 
relative positions of terms in a DAG. For example in figure 2, we say term "whole plant" 
is a parent of term "embryo" and term "root", while term "embryo" and term "root" are 
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the children of'term "whole plant". A DAG is similar to a hierarchical structure but there 
is a big difference between them. In both hierarchical and a DAG structures, a term is 
~~~s~r~ti~n of r~l~f~~ons~hi ► 
b~t re~n ~~r ~ in ~~ ontolc~r~~ 
~~r+~nt 
Figure 2: Illustration of relationships between terms in an ontology. 
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Figure 3: The different aspects of term "embryo" found in the Cereal Plant 
Anatomy Ontology (GR0:0005279) represented by multiple paths. Each path has 
a set of relationships which bind the root and the terms together. 
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present only once. But in a hierarchical structure, a term has only one parent but can have 
many children; in a DAG on the other hand, a term can have more than one parents and 
more than one children, which enables us to view the different aspects of a term without 
creating a new instance of the term for every new aspect, which is impossible in a 
hierarchical structure (Figure 3). 
2.2.2.2 Biology-based Ontologies 
The using of ontologies to represent the hierarchical knowledge in the domain of 
biology is an active area of research and development (21-22). Some example biology 
based ontologies are Riboweb Ontology (for modeling ribosomal components), McSH 
vocabulary (for medical subject heading), the Gene Ontology and the Plant Ontology. 
They differ in their intentions, structures, coverage and detail levels. 
The Gene Ontology (GO) was initiated by the databases of the model organisms: 
yeast, mouse, and Drosophila (23-24). The GO attempts to describe the roles of genes 
and gene products in three large aspects: molecular functions, biological processes, and 
anatomical parts. The controlled vocabularies within each of these three aspects are 
structured in directed acyclic graphs (DAG), which allow multiple parent-child 
relationships for each vocabulary. Two types of parent-child relationship is a and part of, 
currently exist in the GO. Several research groups, such a~s MaizeDB, TAIR (The 
Arabidopsis Information Resource), and ArrayExpress etc., have been announcing their 
databases according to the controlled vocabularies contained in the ontology produced by 
the Gene Ontology Consortium. 
As the use of the GO is becoming a standard, it has some limitations. For 
example, it does not accommodate anatomical parts or developmental stages of an 
organism. In order to accommodate the description of genes and gene products in plants, 
the Plant Ontology Consortium, a collaboration of TAIR, MaizeDB, Gramme {A 
Comparative Mapping Resource for Grains) and IRRI (International Rice Research 
Institute), has been adopting and extending the GO paradigm in an attempt to develop 
shared structured controlled vocabularies, arranged in ontologies, to reflect our current 
and future understandings about plant anatomy and morphology, plant developmental 
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stage, and plant trait (25). The Plant Ontology is still being defined and is under active 
development. 
The benefits of utilizing ontologies can be divided into two categories (22, 26). 
The first is to provide a language for a domain which is conunon to human agents for the 
purpose of corrununication. An example, in the domain of molecular biology, concerns 
the naming of genes. Usually a gene's name is derived from the tissue where it was first 
discovered instead of being associated with the function or the process in which the gene 
product is involved. Other scientists might have found the same gene but named it by 
different names. Having a set of ambiguous names for the same gene makes it difficult to 
conununicate. By annotating a gene to the terms in the GO, the gene's concept and 
definition can be clearly stated in everyday speech. In this way the GO unifies the 
conceptual disparities within the corrununity (23). 
The second is to obtain inter—operability between computer systems and improve 
the search and knowledge acquisition processes. This category provides the opportunities 
for the communication between computer systems. An ontology that defines the concepts 
and how concepts relate to each other on an implementation-independent level enables 
inter—operability between computer systems. If a different computer system uses a 
commonly recognized ontology term instead of an internal index when they refer to the 
same concept, it becomes easy to combine, manipulate, and relate the information across 
the different database resources. Meanwhile, the retrieval of records indexed by 
structured ontology terms will generate more specific hits than by plain text string search. 
For example, it is possible to retrieve the expression profiles not only of a single gene but 
also of all its "children" in the GO structure. We can also find the connection between 
two genes by investigating the dependencies of their gene functions in the ontology. 
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Chapter 3 BarleyBase Overview 
To cope with the huge volume and complexity of microarray gene expression 
data, we are developing BarleyBase (BB), a well-annotated public repository, for 
managing and storing data generated from Affymetrix GeneChip~ brand Barley Genome 
Array. BB is designed as a comprehensive database that facilitates submission, storage 
and retrieval of Affymetrix GeneChip® data. Published data will be organized into j 
curated datasets that can be either analyzed online or downloaded. The barley community 
will be able to search and analyze experiments by their criterion of interest. BB also 
serves as a prototype public repository for cereal plants. 
The usage of the ML!~ME standards and the shared, controlled vocabularies and 
ontologies will allow us to record a gene experiment with more accuracy and efficiency. 
However, the ML~ME standards are not designed as a "questionnaire" that can be filled 
in, but only a guideline to the development of microarray databases and data management 
software. Therefore, to integrate the ML~ME standards and controlled 
vocabularies/ontologies into BB, the following strategy is followed: 
Step 1: Develop a data model that captures the requirements from the ML~ME 
standards. Such a data model ha.s already being developed within the OMG (Object 
Management Group) with the participation of the MGED (Microarray Gene Expression 
Data) consortium. In this data model, data are generated specifically on a generic "array" 
type platform. 
Step 2: Design and implement a microarray gene expression database which is 
able to record the ML~ME information and is specified for Affymetrix GeneChip ~ data. 
Step 3: Develop a data submission tool which adopts the ML~ME standards, 
controlled vocabularies and relevant ontologies. Such a tool includes a series of web-
based questionnaires allowing users to enter the ML~ME information directly into the 
database or to export captured data in the standard formats as discussed before. 
Having understood the efficiency of using ontologies to communicate between 
human beings and computer systems, we have consciously chosen to explicitly use the 
Plant Ontology to standardize experimental information at the most basic level. We are 
14 
aware that this is not a complete solution, so we are also utilizing controlled vocabularies 
from the ML~ME terms to describe other aspects of a microarray experiment. The 
integration of the MLA.ME standards and controlled shared vocabularies/ontologies puts 
expression data annotated in BB in a much larger biological and analytical context. 
Though BB is targeting Affymetrix GeneChip®, we firmly believe these initial efforts 
will provide a framework on accurately and efficiently annotating microarray 
experiments from all different platforms. 
The result of this work is thus (i) a ML~ME-compliant database structure for 
storing Affymetrix gene expression data and related biological information; and (ii) 
BarleyExpress, aweb-based data submission tool to BB. Barley~xpress allows users to 
apply the ML~ME standards and controlled vocabularies/ontologies to annotate their 
experiments in the process of data submission. 
In this chapter, we give an overview of the BB system. Section 3.1 discusses the 
data model used. Both meta-data and numeric data are accepted and stored in BB. 
Section 3.2 describes the architecture of BB, which consists of four key components. The 
detailed database structure and design can be found in section 3.3. 
3. 1 Data Model 
The data model focuses on what data should be stored in the database and the 
structure in which a computer program stores persistent information. To put this in the 
context of the relational database, the data model is used to design the relational tables. 
In BB, each experiment is considered as the basic data collection during .the 
process of data submission via BarleyExpress, and the primary expression results from 
one experiment constructs a data set (please see Chapter 4 for details). However, each 
piece of expression data in this dataset is considered as atomic unit from the point view of 
database storage. As shown is figure 4, each gene expression value refers to multiple 
dimensional information, such as the dataset that it comes from, the location of the spot 
in a chip and gene annotation, etc. The data.set itself must be described by many other 
information, like experiment design, organism, cell type, growth stage, sample treatment, 
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array design, image process and data normalization. This information is crucial to 
understand the primary expression results without ambiguity. 
Conceptual view of gene 
expression data in BB 
t~ ata ~ 
~~t 
Figure 4: Conceptual view of gene expression data in BB. 
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In addition, the data model must represent the primary expression data at a 
sufficient level of abstraction to effectively make the data independent of the source 
technology. Thus the MIA~IVIE standards are followed at the very beginning of data 
modeling process. There are several methods of modeling data; we use ER-diagram 
(Entity-Relationship diagram) to illustrate the data and their relationships in the process 
of BB design. The discussion of meta-data, raw data and analysis results in BB can be 
found in section 3.1.1, 3.1.2 and 3.1.3 respectively. 
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3.1.1 Meta-data 
Figure 5 is a simplified database model of BB. It contains four main components: 
Experiment Set gyp, Array Design, Expression Results and Barley_PO. The details of 
each component are given in section 3.3. The ML~ME information is stored in the first 
three components (figure 5). The ML~ME check list has been used to guide the 
submission process. Specific considerations about Barley and other cereal plants have 
also been taken into account when designing the data and database model. Here are the 
details of the mapping of the ML~ME standards to BB database tables: 
• Table BB_experiment design describes the process of experiment design, 
including experimental factors, experiment type, experiment description as well 
as number of replicates. 
• Table BB hybridization describes the process of hybridization of each chip. Since 
one experiment may contain one or more hybridizations, table 
BB experiment design and BB hybridization have one-to-many relationship. 
• One BB sample associates with one or more hybridizations. Each BB sample 
contains detailed biomaterial information associated with the rr~ZNA source 
including the description of the source organism, growth stage, biological 
treatment, organism part, and the protocols used for sample preparation and 
hybridization. Also associated with each protocol (BB extractinon, BB labeling, 
BB scanning, BB_washing and BB hybridization protocol), are a number of 
other types of meta-data, including descriptions of the hardware, software, and 
parameters used for generating, scanning, and analyzing gene expression data, 
which are confront to the ML~ME requirements for the Measurement. 
• Array design details are stored in BB array_design, in which detailed spot 
description for each chip can be found. For the Af~Eymetrix GeneChip®, the *.cdf 
(chip description file) contains all the information about elements on chip and 
chip layout etc. One array design can be used for many experiments, thus the table 
BB experiment design and BB array design have aone-to-many relationship. 
• Data normalization method and algorithms used are also stored in the Expression 
Results component, in which several tables are used to capture the ML~ME 
guidelines for normalization. 
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A series oi:~ interfaces for data entry are implemented in BarleyExpress to capture 
the MIAME standards and allow users to annotate their experiments during the 
submission process. 
3.1.2 Raw data 
As discussed in chapter 2, an Affymetrix GeneChip~ generates five data :files: 
*exp, *dat, *cel, *chp and *rpt files. In BB, *cel, *chp and *exp files are required to 
provide for each hybridization in an experiment submission via BarleyExpress. A 
structured file system is built to store these large files (see section 3.2 for details). 
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BB also provides storage for raw image data (*.dat). There has been a debate in 
the microarray community whether or not raw microarray images should be stored (19). 
It is a tradeoff between storage space and the ability to re-analyze the raw images. We 
choose to allow the user to store the raw images, as storage is relative cheap and the care 
of the potential benefits to be able to reach back to the underlying raw data in comparing 
experiments. 
These data files axe linked to each experiment's descriptive data stored in 
database. The users can readily download these data files to their local computers for 
analysis and re-analysis. 
3.1.3 Storing analysis results 
In addition to store the raw data, BB also provides storage for analysis results 
from different normalization methods and analysis algorithms. In many case, there is 
more than one meaningful way to view microarray gene expression data, especially in 
multivariate experiments. In BB, for each experiment dataset, the analysis results, which 
generated from different methods and algorithms, are stored. These results will help users 
quickly gain an overview of an experiment dataset and also encourage the further 
analysis or re-analysis, as well as improve database querying performance. 
3.2 An Overview of BarleyBase System 
BB is a web accessible database which allows for significant flexibility and 
remote access, without the need for special software installation on client computers. BB 
consists of four main components: (1) BarleyBase, the database component; (2) 
BarleyExpress, the data submission tool; (3) Expression profile, the component for 
analyzing gene expression data; (4) File system, the component for storing raw data files 
The structure of BB, which is shown in figure 6, is designed to follow the natural 
workflow of biologists and is compatible with most types of microarray experiments and 
the Affymetrix data format. 
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With their own accounts and administrated access levels, users can import 
data/data files via Barle~yExpress, into the database and data file system, in a uniform and 
streamlined fashion. Users can also apply filters and transformations and run the analysis 
via the Expression profile component. To facilitate online collaboration, users can share 
data with collaborators around the world. 
BB Infrastructure 
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Figure 6: An overview of BB infrastructure. 
Data can be exported from File system in a multiple format for local analysis, verification 
and publication. BB also links out to external bioinformatics databases (e.g. P1antGDB) 
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Figure 7 illustrated the schematic view of different layers in BB system. Arrows 
represent the flow of information. Closed circle connectors represent logical relationships 
between database components. Database components outlined by black. Although a few 
features do require a recent, j ava script enabled browser, multiple platforms 
(MacOS, Linux and Windows 95/98/2000) can access BB without difficulty. BB is 
specially designed to incorporate Open Source Software and runs on 
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Linux/Apache/MySOL. Scripts are implemented using PHP, in conjunction with Java and 
JavaScript. 
3.3 BarleyBase —the Database Component of BarleyBase 
BarleyBase is implemented as a relational database. As shown in Figure ~, there 
exits four principal components in BarleyBase. The MIAME information is captured by 
following the MIAME check list, as well as specification for Barley and other cereal 
plants (see section 3.1 for details). For example, some requirements that are specif c for 
mammals are not 





Figure 8: Outline of database components of BarleyBase. 
considered when designing BB, which makes data submission more eff cient. Here are 
general specifications of each database components: 
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• Experiment Set Up: Stores information about an experiment, including 
experiment design, biomaterial preparation, protocols used, hybridization and 
image processing according to the MIAME guidelines (Figure 9). 
• Array Design: Information required by the MIAME standards about a chip is 
stored here (Figure 10). 
• Expression Results: Manages *.cel and some pre-computed analysis results 
related to different normalization methods and analysis algorithms (Figure 
11). The MIAME requirement about data normalization is captured in this 
component. 
• Barley_PO: Structured Plant Ontology information is stored in Barley PO, 
which is updated according to Gramene's latest release. Currently, Barley_PO 
stores Barley Plant Growth Stage Ontology and Cereal Plant Anatomy 
Ontology (Figure 12). 
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Figure 9: Simplified ER model for Experiment Set Up component. 
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Figure 10: Simplified ER model for Array Design component. 
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Figure 11: Simplified ER model for Expression Results component. 
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Figure 12: Simplified ER model for Barlev~PO component. 
BB is designed in such a manner that it is easy to add a new component and plug 
it into existing system without redoing the whole database system design. A complete 
database model is displayed in figure 4 in section 3.1. 
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Chapter 4 BarleyExpress — An Online Submission 
Tool to BarleyBase 
The basic data collection anal the structure of BarleyExpress are given in section 
4.1. The rest of this chapter outlines several. key issues related to the design and 
implementation of BarleyExpress. 
4.1 The Basic Data Collection and the Structure Overview of BarleyExpress 
BarleyExpress uses the MIAME standards for its design and implementation. 
Before discussing the details of BarleyExpress, it is necessary to understand the basic 
data collection in BB. BB follows the MIAME's definition of an experiment and 
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set of hybridizations; therefore we take one experiment as the basic data collection in BB. 
Figure 13 illustrates the conceptual view of an experiment unit in BB. Each experiment 
also refers to experimental types, experimental factors and submitter etc. Each 
experiment consists of one or more hybridizations, which in turn refers to the chip 
information, biomaterials and protocols used in the experiment. 
Figure 14 illustrates the data submission process in BarleyExpress. By taking an 
experiment as the basic data collection, data submission via BarleyExpress is processed 
and organized by experiments. Registered users login onto BB and submit experiment 
information by filling out a series of forms. BarleyExpress is designed as a "click-
through" style, such that users can terminate and resume their submissions at any time 
point. The "allowing update at any time before finalizing" property makes the data 
submission an error-tolerant process. 
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Figure 14: Data submission process in BarleyExpress. 
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4.2 Enhancement of the MIAME standards and the Application of the 
Controlled Vocabularies and Ontologies 
To enhance the usage of the ML~ME standards, the controlled vocabularies, and 
ontologies to annotate microarray experiments, BarleyExpress is designed as series of 
web pages with numbers of fields. Users' inputs are checked and validated for entering 
into next step. To make use of the controlled vocabularies and ontologies, the users are 
encouraged to select terms from drop down lists. If the necessary terms are not present, 
the users can provide additional terms in a free text box. The system will automatically 
send these terms to the BB curator for reviewing upon receipt. Once these terms are 
accepted, they are added to the controlled vocabulary lists for future use. To reduce the 
vocabulary overlay, we follow the ML~ME terms proposed by MGED group. 
As one of the interfaces in BarleyExpress, the ontology TreeViewer allows users 
to search the entire ontology tree structures and to select desired terms. These selected 
terms are written into a text box bellow the fields of "growth stage" and "organism part" 
respectively in "Sample Preparation" page, and will be saved into database with other 
sample information. Thus the connections between ontology term and an experiment are 
enhanced in an accurate and efficient manner. Figure 15 shows an example of using the 
Barley Plant Growth Stage Ontology in a "sample preparation" page. 
4.3 Treatment Design and Experiment Factors 
To follow the workflow of biologists and statisticians, the concepts of 
experimental factors and factor levels are introduced in BarleyExpress, which eases the 
process of data submission and helps biologists design their experiments as well. Once 
users have decided the experimental factors and factor levels and the maximum number 
of replicates in a treatment, the entire experiment design is displayed in a tabular manner. 
Each treatment is the combination of different experimental factors and factor levels. 
Each hybridization within a treatment represents a technical or biological replicate. 
Various numbers of replicates within a treatment is allowed by deleting undesired 
combinations. Figure 16 illustrates an example of a real submission to BB (BB accession 
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number: BB15) and shows how all treatments design in an experiment are displayed in 
one table. 
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Figure 15: An example of using the Barley Plant Growth Stage Ontology TreeViewer to 
select Barley Growth Stage ontology terms. 
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Figure 16: An example of using a table to display all treatment designs within one 
experiment. 
4.4 Template Data Entry 
Very often microarray experiments involve entering the same pieces of 
information repeatedly. For example, an experiments (consist of one or more 
hybridizations) may require the use of the same biological material that is treatedl slightly 
differently in the experiment, or the experimenters use the same protocols with little 
modification. To avoid entering the data redundantly, BarleyExpress lets the user choose 
a previous entry (e.g., a previous sample entry within the same experiment, a previously 
experiment design submission, or a previously submitted protocol) as a template for 
creating the new entry. That is, the values of the old entry are copied to the new entry, 
and the user can edit them in the new entry. This template data entry is applied at the 
experiment design level, sample preparation level and all five protocols submission 
levels. 
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4.5 Upload images and pictures for biomaterials 
BarleyExpress allows users to upload images and pictures for each biomaterial 
used in the experiments except text descriptions. These images and pictures can be linked 
to biomaterials in page "sample preparation". This visual information would help 
biologists to interpret and compare experiments results. 
4.6 Security and Data Privacy 
Security and data privacy are the important attributes of any successful databases. 
Access to data stored in BB can be defined as public, private and group access on the 
experiment design basis. Public access allows each registered/non-registered users to 
access data; private means data can be viewed only by the data owner and group access 
allows the access of the group members. Any registered users can create their own groups 
and group owners can grand permissions to join the groups. 
The data security is established by recognizing accessibility of users and the 
visibility of an experimental dataset. Access to the database is password-protected, and 
data providers can only update their own data before finalization. 
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Chapter 5 The Plant Ontology and the Controlled 
Vocabularies 
As discussed in chapter 2, to make the annotation of microarray gene expression 
data the most value, we need to satisfy two requirements: sufficiency and efficiency. 
Sufficiency means the recorded information about an experiment should be detailed 
enough to enable cross-experiment comparisons and reproducibility and this it the 
motivation of the ML~ME requirements. 
Efficiency implies the usage of the controlled vocabularies and ontologies. 
However the ML~IE guideline does not provide the details or terms needed to create 
instances of microarray experiments, especially how to describe the biological sample 
and its manipulation for study. We realize that the application of controlled vocabularies 
or ontologies about microarray experiments extends beyond the domain of microarray 
experiment itself, as such, it is important to coordinate efforts with other controlled 
vocabularies or ontologies efforts, such a~s the Plant Ontology and the ML~ME controlled 
vocabularies, so that the data can be understood and processed. The utilizations of the 
Plant Ontology and the ML~.ME terms for annotating experiments in BB are given in 
section 5.1 and 5.2 respectively. 
5.1 The Plant Ontology 
In BB, the Barley Growth Stage Ontology and the Cereal Plant Anatomy 
Ontology are adopted. Unlike controlled vocabulary, ontology also specifies how the 
terms relate to each other. Two kinds of relationships, is a or is an instance of and a part 
of, exist in the Plant Ontology. To adopt the Plant Ontology, first we need a database to 
store ontology terms and relationships between terms, and second we should allow users 
use these ontology terms to describe their experiments during the process of submission 
data to BB. 
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5.1.1 Barley_PO 
One of principal database components in BarleyBase, Barley_PO stores the most 
current version of the Plant Ontology. Figure 17 illustrates the detailed database schema 
of Barley_PO. The information about a term: such as the name, definition, Gramene 
accession number, comment, reference etc, are stored in the table BB term. The 
relationships between terms go into the table BB_termtoterm. Barley_PO is designed in 
such a manner that it is easy to extend to include other ontologies, like Plant Trait 
Ontology as well as some other species specific ontologies. Though there is no a table for 
association in current Barley_PO, it is still easy to adopt the Gene Ontology into 
Barley~PO with minor modifications, such as adding component to store association 
information and plug into existing database structure. 
Figure 17: Detailed database schema for Barley_PO component. 
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5.1.2 Parsing Ontology Files 
The Plant Ontology is stored in a flat file format and it needs to be parsed into 
information that can be stored into BarleyBase database. The most current version of 
cereal Plant Growth Ontology (temporalJgr_def [v. 1.7] and temporal gr ont [v. 1.8]) 
and cereal Plant Anatomy Ontology (anatomy~r_def [v. 1.7] and anatomy~-r_ont [v. 
1.6]) were downloaded from the Gramene website. PHP scripts parse the files and store 
information into Barley_PO. Only the information about Barley is stored at the current 
time. 
5.1.3 Annotating Experiments Using the Plant Ontology 
In this proj ect, a Treeviewer written in PHP is developed to display the 
relationships between terms, where we use term in the same way as the Plant Ontology 
and the Gene Ontology while we refer to node as one of the nodes in the tree where we 
find the term. This Treeviewer is a tree permutation of DAG as a set of flat files; it is a 
part of BarleyExpress submission interfaces and allows users to select terms from the tree 
as part of entries to the database as well. 
~~af 
~o~~ ~~~~ 
Tern name Gramme Chef nitian 
num~rer ;.~ y 
1~ r~' 
!~~~,~ ~~fiQ:ocras~a~~'~ ,~ 
bs~~l ce~.i (CI~4;OQQ0~79~ ~• 
~ J scntellum ~CR0:000~344~ C ''~"' 
Figure 18: Description of an ontology Treeviewer in BB. 
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Figure 18 shows part of Cereal Anatomy Ontology TreeViewer. The Barley Plant 
Growth Ontology has exactly the same structure and options. In the TreeViewer, 
relationships are illustrated by indentation where a child is indented relative to a parent. 
Only the top-level categories are displayed for the users at the first. To display the 
permutated tree in a more detailed view, each term can be expanded by a click on the 
"closed book" sign (meaning more information) on the left of respective top-level terms. 
Expanding a term generates a new view which reloads in the same web browser window. 
The new view shows the same information as the previous one bur now the children of 
the expanded term also are displayed. 
Any new child that has children of its own can also be expanded. An expanded 
term has a clickable "opened book" sign in front of a term, rather than a "closed book" 
sign, implying lesser information. By clicking on the `opened book' sign of a term, the 
children of the term are not displayed any more, in other words, the node is contracted. A 
"leaf 'node means that it cannot either be expanded or collapsed further more. The 
procedure of expanding and contracting the different branches of the tree continues until 
the user is satisfied with the level of detail. Each term is hyperlinked to its definition 
description (by clicking on a small blue book icon) and Gramene site (by clicking on 
Gramene number). This property gives fast and easy access to a description of any 
concepts that users are not familiar with (Figure 18) 
After the term string, comes a checkbox, which allows user to select a desired 
term to describe the organism part or the growth stage of the materials used in their 
experiments (Figure 18). This information will be store into database along with other 
information about a biomaterial. This encourages users to annotate the experiment using 
the Plant Ontology terms when submitting data to BB via BarleyExpress. Here we use 
"annotation" to refer the connection between an experimental biomaterial and an 
ontology term. 
Every term in the anatomy or developmental stage ontology is identified by a 
unique identifier. Under the conventions that have already been established by the Plant 
Ontology Consortium®, the syntax of a PO identifier is PO:nnnnnnn, where nnnnnnn 
is azero-padded unique integer of seven digits (http://www.plantontology.org).
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In order to ensure database integrity, identifiers are never removed. Terms that are 
retired (deleted) from the ontology are moved into the obsolete category. To ensure that 
the same identifier is not used twice, each participating group will be assigned non-
overlapping ID (Table 1). These ranges will automatically act as (internal) identifiers for 
the group that submitted the term. In BB, we use Gramene number for the purpose of 
consistency with Gramene's updates. The Gramene number instead of the term name is 
stored into the BarleyBase, thus the whole database will be updated without storing the 
previous versions of the Plant Ontology files. 
Table 1: The assignment of ontology identifiers between participating groups of 
the Plant Ontology Consortiums (Adopted from http://www.plantontology.org) 






5.2 The MIAME Terms 
The ML~ME terms are used to describe some terms in experiment design, sample 
preparation and hybridizations, but only terms related to Barley and other cereal plants 
are used. The application of controlled vocabularies is to develop series of forms for 
entering information about an experiment into BB. BarleyExpress has been developed to 
allow users to utilize a controlled vocabulary without a deeper understanding of this 
vocabulary. The same strategy is used for the Plant Ontology as well. For example, in 
BarleyExpress, the experiment types and experiment factors are required fields to 
describe an experiment. The controlled vocabularies are listed in drop down lists 
accordingly, and users are forced to select terms from the lists. Consequently, data can be 
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retrieved, compared or integrated by taking advantages of the structure provided by the 
controlled vocabularies or ontologies. 
3~ 
Chapter 6 Using BarleyExpress 
Two types of submissions are accepted by BarleyExpress: protocol submissions 
and experiment submissions. This document shows how to use BarleyExpress to submit 
gene expression data and illustrates how BarleyExpress has been designed in terms of 
user inter ace conventions. 
6.1 Choosing a Browser 
Though web browsers do not adhere particularly well to established standards, 
BarleyExpress is designed to be compatible with most widely used browsers. 
BarleyExpress requires a decent implementation of JavaScript as well as support for 
Cascading Style Sheets (CSS) to function well. This application works well with the 
latest versions of Mozilla and Internet Explorer. 
6.2 Protocol Submission 
Five types of protocols, extraction, labeling, hybridization, scanning and washing 
and staining, are stored in BB. Since most protocols are common to many experiments, 
the submitted protocols are visible to all registered users and can be linked to any 
experimental submissions in BB. The page, "Browse protocol submissions," allows users 
to navigate existing protocol submissions in BB. 
Each protocol submission procedure contains the "Add a new protocol", "View a 
protocol" and "Update a protocol" functions. Unlike experiment submissions, each 
registered user can view the content of an existing protocol but only the submitter can 
modify or delete a protocol. Modification and deletion can occur ONLY IF that protocol 
is not being used by an experiment submission. 
6.3 Experiment Submission 
• First Submission 
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Each registered user can submit experiment data to BB via BarleyExpress. The 
whole submission is completed by filling out a series of data entry pages. Figure 19 
shows a real data submission (BB1) in BB. The submission steps are as follows: 
(1) Experiment design -> (2) Experiment factors/levels -> (3) Treatment design 
-> (4) Upload data files (View file uploaded for an experiment) -> (5) Associate 
data files with treatments -> (6) Sample preparation -> (7) Finalize 
The treatment design information for the entire experiment is displayed in a 
tabular view on the page "Associate data files with treatments.". The example shown 
in figure 19 has 6 different treatments with 2 replicates but only four are displayed 
here. The "AddlEdit sample" buttons at the rightmost column in each row in this page 
allow the input of biomaterial information for each replicate within treatments. Figure 
19 shows the 4 samples for treatment 1 and 2 and the biological replicates within each 
treatment. 
Each time a new experiment submission is created, a message is mailed out to 
both the submitter and the BB curators to notify them of a new submission to BB. 
Users can terminate or resume their submissions at any time in a given period of time. 
• Finalizing a submission and obtaining an accession number 
After users finish submitting all the required information, they go to the 
"Experiment submission overview" page and view the information submitted. If they 
are sure about the correctness, they can finalize the submission. The program will 
perform automatic validations such as file name conflicts, empty data files etc. If 
everything goes well, the submission will be finalized. A BarleyBase accession 
number is mailed out to the submitter and can be used for the purpose of publication. 
Once a submission is finalized, it can be changed only by a request to the BB 
database curator. 
BarleyBase accession numbers are assigned automatically by the program 
according to the order of submission finalizations. Each accession number starts with 
prefix "BB" followed by an integer. For example, BB 1 is the first finalized 
submission in BB . 
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Figure 19: An example submission (BB 1) in BB 
ti
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• Modifying (or updating) a submission 
BarleyExpress is designed so that any error that occurred in the submission 
process can be easily corrected by the users at any time before the submission is 
finalized. The submission status of an experiment is listed in the page "Browse 
experiment submission in BarleyBase" (figure 20). A check mark indicates the 
completion of a step. Submitters can go directly to any completed step to 
modify/update previous submitted information. This design eases the submission 
process and makes BarleyExpress more convenient and error-tolerant. 
• Deleting a submission 
BarleyExpress also allows users to delete undesired submissions as long as these 
submissions are not finalized. 
6.4 Browsing Existing Submissions in BB 
The page "Browse experiment in BarleyBase" allows registered users to navigate 
exiting submissions in BB that are visible to them (figure 20). These data are organized in 
three groups: 
• Experiment data you have submitted: all data submitted with a specific login ID. 
• Group accessible experiment data: all data submitted by others but visible only to 
group members. 
• Public available experiment data: all data submitted by other users and visible to 
the WWW. 
The different levels of accessibility enable researchers and scientists to share and 
exchange data within a specific community at their desires. 
6.5 Getting Assistance 
In each data entry page, a small help button I in front of each field brings 
users a pop up window which contains a definition or a detailed explanation about of a 
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field name. A generic user's guide is also provided. Besides, users are encouraged to 
contact our BB curators for further help. 
6.6 Public Microarray Data and Access 
BB is available at the Iowa State University (http://barleybase.org).
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6.7 A Work Case 
Here is a work case that shows how to submit protocols and experiment data via 
BarleyExpress. 
• Select submission type from the main hub 
Two type submissions are accepted in BB: protocol submission and experiment 
submission. In Figure 21, the highlighted link takes submitters to "Protocol Submission" 
page (Figure 22). 
Select Submission Type 
~ra►totQ~ ~ub~rnssa►r 
~x~er~~~r~~t u~ is~~~►n 
~rt~ws~ exp~~rm+~n'~ Su~m~s~ons 
Figure 21: Select submission type from main hub. 
• Protocol submissions: Extraction protocol work case 
As see in Figure 22, there are five protocols are accepted in BB. The highlighted 
link takes users to "Browse Extraction Protocol Submissions". Users can view the 
protocol content by clicking the protocol name. If the user is the owner of a protocol, an 
"Edit button" would appear in front of the protocol name and allows the user to modify 
the content. User can also sort the existing submissions by protocol name, submitter 
name and last update date and can easily search a specify protocol. 
By clicking on button "Add new extraction protocol",anew form "Add new extraction 
protocol" shows up and allows users submit new protocols to BB (Figure 23). 
BarleyExpress provides data entry template to easy the submission process. User can 
select an existing protocol as a template, modify and save it as a new protocol. 
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• Experiment submissions 
From the "Select submission type" page (Figure 24), the user can submit a new 
experiment by clicking on the link "Experiment submission". An entire microarray 
experiment submission can be finished in several steps. First step is "Experiment design". 
Step 1: Experiment design 
Figure 24 is the form for "Experiment design". As in the protocol submission 
procedure, the user can select an existing experiment design as a template, and modify 
and save it as a new data entry. The visibility field allows user to choose different levels 
of data accessibility. Once user filel out all required information and clicks the 
"Save/Continue" button, they go into step 2. 
Step 2: Experiment factors/levels 
As shown in Figure 25, this step asks users to fill out the number of experiment 
levels for each experiment factors chosen in step 1. 
Step 3: Treatment design 
In this step, users are required to enter the name for each experiment factor level 
(Figure 26). A drop down list provides a list of commonly used options in the plant 
sciences. 
Step 4: Upload data files for an experiment 
Figure 27 shows the step of uploading data files for part of or an entire 
experiment. Users can view and check the data file they uploaded (Figure 28). In 
BarleyExpress, the users are expected to provide the image files and the raw data from 
the experiment in the form of Affymetrix .cel and .dat files. 
Step 5: Associate data files with treatments 
Figure 29 shows how to associate date files with each treatment. For each 
hybridization in a treatment, the user selects data file names from the "drop down list for 
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file". The files are then associated with particular treatments when the user clicks on 
"Submit" button. 
Step 6: Sample preparation 
Clicking on one "Add/Edit sample" button in figure 29, a form for "Sample 
preparation" pops up and allows user to enter sample information (Figure 30). Users can 
select previously submitted sample preparation information as a template, modify and 
save it as a new data entry. The ontology TreeViewer links bring out the Plant Growth 
Stage Ontology TreeViewer and the Plant Anatomy Ontology TreeViewer. Users can 
traverse the tree and select suitable terms to describe the growth stage and anatomy 
information about a biomaterial. Figure 30 shows the Plant Growth Stage Ontology 
TreeVlewer. 
When users click on the "Save button", the information is saved into database, 
and users are brought back to the "Associate files with treatments" page shown in Figure 
29. Users can also view previous sample information by clicking on the sample name in 
Figure 29 (Figure 30). 
Step 7: Finalize an experiment submission 
Go back to "Select Submission Type" page and click on "Browse experiment 
submission", the page "Browse experiments in BarleyBase" shows up. The "Overview" 
link button at the right most columns in each row brings submitters to page "Experiment 
submission overview" (Figure 32). This page shows the summary of the experiment 
design, treatment design and association with data files, sample information related to an 
experiment. If the submitter is sure about all the information submitted, she/he can 
finalize this submission by clicking on "Finalize" button. If the submission is finalized 
successfully, an accession number is mailed to the submitter for use in citing the data. 
• Browse experiments in BarleyBase 
As shown in Figure 32, users can browse experiment submitted to BarleyBase. 
For a submitter, the navigation links in front each submission allows her/him to navigate 
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Figure 32: Select experiment submission and browse experiment submissions in BB. 
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Chapter 7 Conclusions and Future Work 
7.1 Conclusions 
BB is an interactive database and analysis package prototype for storing, 
accessing and analyzing Affymetrix gene expression data for cereal plants. To ensure the 
general abilities to represent Affymetrix gene expression experiment accurately and 
efficiently, BB is designed to standardize expression information by using the MIA►ME 
standards and the Plant Ontology and the controlled vocabularies of the MIAME terms. 
The MIA►ME standards are captured at the very early stage of data modeling and 
database design. Six parts of the MIAME requirement are mapped onto different 
relational tables of Bar~leyBase, the backend database of BB system, by using the 
MIA,ME checklist. The specific requirements for Affymetrix GeneChip® and cereal 
plants are also considered. 
The structured Plant Ontology and controlled vocabularies are explicitly used to 
annotate microarray gene expression experiments in BB. The Plant Ontology and the 
controlled vocabularies of the MIAME terms are adapted to the design and implement of 
BarleyExpress, such that users are able to standardize gene expression information in the 
process of data submission to BB. 
The standardization ofexpression information put the microarray gene 
experiments in BB into highly biological and analytical contexts. These initial efforts 
make it possible for BB to easily link with other microarray databases. 
7.2 Future Work 
BB is under an active development and several enhancements are needed in the 
future: 
~ Extends the usage of controlled vocabularies/ontologies: Currently only the Plant 
Ontology is being used in BB. In the future, the Gene Ontology needs to be 
adapted to BB, which will allow biologists to investigate how specific genes had 
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involved in a biological process and how these genes behavior in other 
comparable situations or plants. As biological knowledge and understanding 
about Barley and other cereal plants increases, the Plant Trait Ontology can also 
be incorporated into BB and enhance its interoperability. 
• Imports MACE-ML format data: The MACE-ML is an XML type specific for 
exchanging gene expression data. Its purpose is to ease data communication with 
other gene expression databases. Currently, BB can export data in MACE-ML 
format, but is not able to accept data in MACE-ML format due to the data format 
being incomplete. This issue has been discussed and is going to be addressed in 
the near future. 
• Provides offline submission capability: BarleyExpress is an online submission 
tool and batch submission is provides. By the users' request, offline submission 
software is needed. One challenge of this task is associated with the validation of 
data entries into the database, which increases the complexity of data 
submissions. MAGE-ML may help address this problem. 
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